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(g) Radiation curaMa oompoaltfona baaad on unaaturatad polyaatera and oompounda having at laaat 
tvro vinyl athar groupa. 



® Disclosed is a liquid, rai£alion curable composition comprising: (A) an unsaturated polyastar component 
containing an unsaturated polyestar polymer, an uittaturated polyester oligomer or a mixture thereof: and (8) a 
noniX)lyTnari2ed, cocurabia vinyl ether compon e nt which may be separate from or structurally incorporated in 
the unsaturated polyester component provided that the vinyl ether component contains an average of at least 
tmi vinyl ether groups per rnolecuto of the vinyl ether component. 

Also disclosed is a method coating comprising! applying to a substrate a film of a liquid, radiation curable 

3 composition of the invention, and curing the composition through its thickness to a tack*free state by exposing 
the film to ionizing radiation and/or uHra^olet Kght . ' . 
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BACKGROUND AND FIELD OF THE INVENTION 



The piesert invention wlatw to Squid, fatfalioo 
containing an unsaturated polyester comp^ 
ether groups. 

radiation curable coaling co m peaMon a baaed on unsaturated polyestore Is HmHad by the 
rm Of rwtebon cure and degree of radMkm cure in air of kno«m composlllons conteMng unsaturated 
po^jwleis. For exvnpto. Hquid fHrna of knovm unsMurMad polyesMrs curad with styrene typically require 
iHlZ^aS!^ "L*^ ewe or. when cured using aSinic 

^ (tJV) from a metfum pressure meiojry vfflwr !amp ope^^ 

inches from the swface of the wet film. Also such icnown compositions tend to exhibit disadyanlajaa m 
surface curing characteristics. 

The present invention is primarily directed to improving ' the radtetion curing properties of Kqwd 
impositions based on unsaturated polyester polymers and 
of ttie bwentton wa become apparent to ttie reader infra. 



SUMMARY OF THE INVENTION 
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Tty present invention is for a Rquid, radiation curat)le composition comprising: (A) an unsaturated 
polyester component containing an unsaturated polyester polymer, an unsaturated polyester oi^er or a 
mixture tliereof; end (B) a nonixilymerfcted, cocurable vinyl ettier component which may bo separate from 
or slructura«y incorporaMJ In the unsaturated polyeste? cemponent provided that the vinyl ethw compe- 
srent contakTs an average of at least ?wo vinyl ether groups per molecule of the vinyl ether component 

The present invention is also for a method of coating comprising: applying to a sut)strate a film of a 
liquid. r»£ation curat)le composition of the invention, and curing the omposition through Its thidaiess to a 
^•firee state t>y exposing the fikn to ionizing ratf^ 



DETAtLfD DESCRIPTION OF THE INVENTION 



SO 



A composition of the invention Is UqM and is C8pat>le of l>eing cured by the appfication of ionizing 
radiation, such as electron bam radiation, or actinic light such as ultraviolet light (UV). The composition is 
liquid such that it can t» applied to a sutwtiate utlB^ 

roll coating, curtain coating, doctor t)lade coating, and^sr spray coating. Generally, a composition of the 
invention wUI have a viscosity at 25 degrees Celsius ('C) of from 2d0 to 20.000 centipoises (cp). preferat>ly 
from 200 to 4,000 cp. Moreover, vinyl unm^ragon of ^ vinyl ether component which is present in a Rquad 
compo^tipnof the invention In comtjinalion with the unsaturated polyestor component is availat)le for 
curing (crosslinking) with ethylenic unsaturation in the t>acld)one of the unsaturated poly e sler component 

The unsaturated polyester component of the Hquid. racfiation curMe composition comprises an 
unsatwated polyester rosin. The unsaturated (ethyienically unsaturated) polyester resin can tie an unsatu- 
rated polyester polymer, an unsaturated polyester oKgomer or a mixture thereof. The preparation of 
unsaturated polyesters, for exmpte t>y the reaction of unsaturated potycvboxyRc add or «ihydride with 
Pgyhl^ alcohol, is weiHmwn in the art fHooesses for maldng unsaturated polyesters include batch 
processes and oocrtinuous processees. As used herein, the tenn "unsaturated polyester" is to Km «stin» 
guished from unsaturated ^cyd resins such as drying-oil modified alkyds. 

Unsaturated polyesters for compositions of the Invention ordinarily are esterification producte of 
thylenically unsaturated cartxjxylic ackte and organic polyhydric alcohols (organic polyds). Usually, an 
unsaturated cartwxylic acid having an acid functionality of at least two, more particularly a dicart>oxyllc acid 



EP 0 322 808 A2 



or Us anhyiJride. 1$ utilized as a starling reactant Examples of unsaturated dicaiboxvic aekfa 

rtow««r. the maleate esters do not copolymeri» wWi monomers sudi asl^'hyl ettereS^rSTtT ' 
hin^ ^ 0.e, estem derivad from fte trans Isomer o* maleic a«U iX^ aS!^^^^. 
^S^SZ'^SliTJr uns-urated polyester for a co;npo;Z^rt,:^^^"*''' 

polyester resins for the present invention, however, typically are prepared iiliflzina lust iha J^J^ 
Pjy^j^njc add or its anhydride with the POty^atoohoTSSonSfB^^ 
2)^||boxyl« adds which optionaU^ 
*;^»lfi«caa^ 



3.3-dimethyi^utaric 
adds, where they «dst also can tM utilized 



SiSLSTiS' rS2!liS^' .^"^^y^ ^ 9lycol. olyc.ol. thmethylSJS-^ 

pwitonrttwtol. sorbitol. 1 .e^iexanedioi. 1.4<yctohexanediol. l.4H:yclohexanedimethanol, 

t.2-tMS(hydroxy8thyl)cyclohe«ne. and 

^"Sli^'*!!^ O^le IW, am diols aHi p„- 

22f i^StlSLS^ « particularly preferred sinoe it is readily available and Is reiath«ly inexpenST 

major portion? if not all of th» unsaturated 
W«iw rwm. be composed of unsaturated polyester molecules whidj are 

unsaturated polyester resins suHable for a compositicn of the invention may 

varywHlely. 

^"^^ be prepared by heating the polycarboxyHc compo- 

««ias nrtrogan. Estenficalion catalysts tor increasing the ral» of reactran can also be used. Exampiescrf 
www catalyste useful for this purpose include parshfoluenesuifbnic add. butylsianndc add. dibutyKin mide 



Ftedi«wncurabteM^ 

ave^ert at lea^ two vinyl ether groups per molecule of the vinyl ether component The vinyl ether 
wmponwrt beseparala from, or stnidurally incorporated In (as iRustratsd. for example, in Example 8 

pnMdedlh)m. the residue of unsaturated caiboxyfic add used to make the unsaturated polyester) 8^ 
cpawlJte IS meant that the vinyl ether groups are reactive with ethylenic unsaturation derived ftam the 
««wahjrated pdyester upon expo^ 

rad^ "^"JS|??L?'* '» "^l' ^ *a» ^ a .composition of the invention is to be 

aired uhto^utoaviolet Oght a photoinltiat» 

of the invention either prior to or at the time of UV curing. i~«»«n 
Hi? and unsaturated polyester component are emptoyed in the liquid composi- 

tion of the mvenlion in relative amounts to provide cnsssHnldng via reaction of ethylenic unsaturation 
pfOviiftd from the wiseturetsd pciyestet component with vinyi unsaturation provided by the vinyl ether 
oomponeirt upon free<adicai curing of the liquid composition, as tor example upon exposure to electron 
beam radiation or ultraviolet light Generally, In a compostlion of the invention the ratio of earbon<arbon 
double bond equivalents from the vinyl ether component to <9rbon<arbon double bond equivalenis from 
the unsaturated polyester component is from 0.1:1.0 to iJSAJO. pmMbfy from 025:1.0 to 1.1:1A Fbr most 
coahngs purposes, it is desirable that the aforesaid ratto of c a rbon-c a itw i double bond equivalents not go 

!^ ■ ^ '-^ ^ since the excess, tow molecular weight vinyl ether may tend to undesirably 
plastieize the resulting film, ^ ; »»«»wi«o.y 

In one embodiment of the invention, an unsaturated pdyestor resin, which does not have vinyl ether 
groups incorporated in the structure of the polyester, is utilized in combination with one or mor« vinyl ether 
compounds containing at least two vinyl ether groups per molecule. A variety of vinyl ether compounds can 
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be employad in this emtXKfiment of the invention provided that the vinyl ether compound contains at (aast 
two reactive vinyl ether groups, «"w«wasi 

Examptes of vinyl ether compounds inducte vinyl ethers made in known manner from dl- trf- or tatra- 
functional organic polyol. acetylene and a basic catalyst under high pressure. Specific exam'pies include^ 
tijpropylene glycol divinyfl ether, diethylene glycol divinyl ether. 1.4*utanedlol divinyl ther. ie^Lttw^ 
glycol drvinyJ ether and the filce. w«a«nyiono 

tnariotfw 

y*?^^ unsaturated polyester component For example, a hydroxy functional vinyl ether such as 
Jjrocybutyl vinyl ether can be reacted with an organic diisocyanatei such as isophorone diisocymto in a 
^oidHwiwtnc ratio {e^. moles Omnoles NCO of about 1:2) to provide a half-capped isocyanate adduct 
Thereafter, residuai isocyanate functionality of the half-capped diisocyanate can be reacted with hydraxyl 
functionaJity provided by an unsaturated polyester polyol (for example prepved by reacting unsaturated 
carboxylic acid or anhy<Mte with excess polyol) so as to structurally incorporate an average vinyl ether 
functionapty of at least two in the unsaturated polyester co m p o nent Examptes of unsaturated carboxylic 

ftinctional unsaturated polyester resins include those descnbed heteih previously. Examples of organic 
dKsocyanates include: toluene-a4-<»socy^iate. toluene-^6-diisocy«iate. and mixtures thereof; 
diphenylmethane-4.4 -<fiisocyanata diphenylmethane-2.4 -dUsocyanate and mixtures thereof; parMhenvlene 
diisocyanate; biphenyl dusocyanato; . H««vn^iw 

20 3*3 -dfmethyl-4,4'-<fiphenyiene cfiisocyanate: 

tetrame%lene*l .4-diis9cyanate; hexaniethylene*t,e-d;isocyanate; 
2.2,4-trimethylhexane-IMiisocyanate; tys^ niethyl ester diisocyanate; 

bisrtsocyanatDelhyi)liimarate; isophorone diisocyanate: ethylene diisocyanate; dodecane-l.12-diisocyanate- 
cyclobutane-1>dSsocyanate; 

25 cydQhexane-1,3Kfiisocyanate. cyclohexane-l.4-diisocyanate and mixtures thereof, methylcyclohexyf 
(fiisocyanate; 

hexahydrotofciene-2.4-dilsocyanate. hexahydrotoluene-2,6-diisocyanate and mixtures thereof 

*w«hrdrophenytene-1 .3<ISsocyanate? hexahydrophenytene-l .4^l8ocyanate «id mixtures thereof; 

P«tgrodiphenylmeth»e-2.4 -diisocyana^ perhydR)diphenylmethane-4.4-dH80cyanate and mixtures 
so *«roa. The resulting unsaturated polyester componem 

^ ^?2^L^ ®^ at least tw, usually is free of unreacted NCO groups. 

?^!^!!^L^J^^^ ra^fi^fio" curabH composition of the invention additionaily may contain other 

ethylen^Oy unsaturated monomers or oligomers examples of which include: other vinyl monomers such as 

vinyl »:etate, styrene. vinyl toluene, divinyl benzene, methyfvinyl ether, ethylvinyl ether and btitylvihyl eth^ 
3^ acryh'c methacryljc esters such as methyl (m6th)acrylate. ethyl (meth)acrylate. isbpropyl (meth)acrylate 

n-butyi (meth)acrylate. isobutyl (meth)acrylate. 2-ethylhexyl (meth)ecrylate. 2-hydroxyelhyl (meth)acrylate. 

glyddyl (meth)acrytete. ethytene glycol(di(meth)acrylate. diethylene glycol di(meth)acrylate. tetraethylene 

glycol dKmeth)acrytete. glycerol di(methWylate. glycerol ti1(meth)Scrylato. i,3-propylene glycol di(melh). 

acrylate. (4Mopytene glycol dKmeth)acrylate. 1.4-butene(fiol di(meth)a(^late. lA4-butanetriol tn(meth)- 
40 acrylate. 1.6-hexanecfiol <fi(meth)acrylate. l.4<yctohexanediol di(meth)acrylate, 1.44)en2enediol <fi(meth)- 

acrylate. pentaerythritel tetra(meth)acrylate. l.5i)entanediol di(meth)acrylate. trimethylolpropane dkmeth)^ 

s^late. trirnethylolpropane tri(fneth)acryiate. 

2^Klimethyl-34iydroxypropyl-2^-dimethyl-34i^^ isobomyl meth)acrylate and tetrahydrofiir* 

furyl (meth)acryiate; (meth)acrylate8 derived lirbm aromatic glyddyl ethers such as bisphenol-A-diglyctdyl 
4S Other and alph^ glycidyl ethers such as butanedi^ 

1,4-butanediol d^lycidylether (fi(meth^crylate. bIsphenol-A-diglycidylether di(meth)acrylate and neopentyl- 

gl)^olj^lycidylether dKineth)acrylate: and acrylic or methacrylic amides such as (meth)acryiamide. 

ctiacetone (meth)acrylamide, N(beta-hydn3xyethyl) •(meth)acryiamide, N.l^s(beta-hydioxyethyl) (meth). 

acryfarnkJe. methylane bls(meth)acrylamid6, 1,£-hexamethytene bis(me1h)acryiamtde. diethylenetriamins 
50 tris(meth)acrylamide. bis(gamma-(meth)acrylamidepropoxy) ethane and betaHmethlacrvlamide 

ethyiacrylate. 

Uquid compositions of the invention are particularly suitable for cure by exposure to ionizlrig radiation 
and/or ultraviolet light ^ , 

Ionizing radialion is radiation having an energy at least sufficient te produce Ions either directly or 
55 incfir edly in a medium composed of common materials such as air or water, and includes for exampte 
accelerated electrons as produced by generally known electron beam devices. When electron beam 
devices are used to cure a composition of the Invention, the energy of th accelerated electrons typically 
ranges from about 100.000 electron volts to about 300.000 electron volts. The amount of ionizing radiation 
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In rads for curing a composition of the invention will vary, depending on such factors as the particular, 
fdrmulation of the radiation curable composition, thidaiess of the applied layer of coating composMion on 
the substrata, temperature of the compositibn. and the Rke. How^ever. an advantage of compositions of the 
Inverttipn Is their excellent degree of cure at low doses of electron t)eam radiation. Generally, a 1 mil thick 

s wet film of a composition of tfie invention can be cured In air through Its thidmess to a tack-free state upon 
exposure to from 0.5 to 5 megarads of kmtzing radtatkMi. 

Ultraviolet racfiatton from any suHat>(e source wtuch emits ultraviolet light having a wavelength ranging 
fronTi atXKit 160 to about 400 nag i omet ar s may be emptoyed to cure a composition of ttie inventkxi. Becaus e 
such ultravtolet light p oss e s s es ineufiteient energy to produce tons in a medium compgeed of comnnon 

10 materials such as air or water, it is constoered to be n onto nfain g radiatton. Suitable sources of ultravkMet 
KgM are generally known and inckide. Ibr exampto, inercury arcs, c arcs, k>w pressure mercury lamps, 
mecfium pressure mercury lamps, high preissure inercury lamps, swirl-ftow plasma arcs and ultravtolet light 
emitting dkxJes. Preferred are ultravtolet light emitting lamps of the medium pressure mercury vapor type. 
Such lamps i^ialty have fused quartz envelopes and are ordinarily In the form of tong tubes haying an 

rs electrode at both ends. Typically, prefenred mednim pressure mercury lamps usually emf^ed to cure a 
composiUon of the invenlton have outpi^ of about 200 watts per inch across the tongth of the tube. Another 
advantage of composittons of the kivenlton is their excellent degree of cure in air at relativeiy tow energy . 
exposure in uHraivtolet light Generally, a 1 mil thick wet film of a comi^iositton of the toviMitton, provkled it 
fuiiher comprises a photocuHng promoter siich as a photoinitialor and/or a photosensWzer, can be cured in 

20 air throu^ its thtokness tb a tack-free state upon exposure to ultravtolet light by passing the film at a rate of 
20 feet per minute or more under tour or fewer mecfium pressure mercury y^por lamps operating at 200 
vvatts per ;nch at a dis^ince of 4 Inches fro^ tf^e surface c? tha wet film. Photoinitiators and photosensltizers 
tor use in uttraviotet light curatHe composittons are generally known in the art of UV curabto competitions. 
Examples of photosensitizers Inctode l}enzophenone, anthraquinone, and thtoxanthone. Examples of 

2s p hdiotrtt ia lors inctode isobutyl benzoto ether. mtxtunM of butyl isomers of butyl benzoin ether. aipha,alpiha- 
cfiethoxyacetophenone, and 

alpha3lpha^lmethoxy-alphai)henylacetopheno^ Other examples off photolnltialors and photosensitizers 
can be found in U.S. Patent No. 4.017.6Si2. - 

Although it Is particularly preferred to cure compositions of the invention by UV and/or tonlzing 
30 radiatton, where desired, they may be tiiermalty cured in the presence of a thermal free radical initiator. 
Examples Inchide the generally known themnal initiators for ojring unsaturated polyesters^ some specific 
examples of which kickide peroxkles such as benzoyl peroxtoe. methyl ethyl ketone peroxide, cumene 
hydroperoxtoe, cyctohexanone peroxkle, 2,4-dtohtorobenzoyl peroxide. bis(p-bromobenzoyl) peroxkto and 
' acetyl peroxkto. 

3S Where desired, a th^nnal polymerization inhibitor may be utilized in a composition of the inventton. 
Exanples of thermal pclyrv>efization inhibitors include ^vo^ compounds such as di-tertidry-butyl para- 
. cresol. and compounds containing secondary or tertiary nitrogen atoms. 

A composition of the invention may also contain a sdyent such as conventior^ aliphatic and aromatic 
solvents or dihierHs known to the art ^ 

40 Where desired, a composMon of the tovention may also contain pigment. When it is desired to cure the 
compositton with ultraviolet light the pigment utilized is typtoaHy an ultravtotot light transparent pigment 
The phrase "ultravtolet light transparent" Is used to mean ttiat the pigment does not substantially interfere 
with UV curing of tfie compo^tion. Examples of ultravtolet light transparent pigments inctode: tato, calcium 
cartmiato. atominum siHcate, magnesium silicate, barytas and siHca (SiOe). Cotoring pigments generally 

40 empk>yed to impart cotor In nonrUV cured, coating compositions typtoally at>sorb or btodc ultravk>let light 
theretiy interfering with UV curing of the composition. Accordingly, where some degree of cotor tinting of 
the compositton is desired, such conventional cotoring pigments typically are emptoyed to only Umitad 
amounts when cure is to 1)0 eftoctod utilizing UV. 

The liquid, radiation curabto compositions of tiie tovention are especially useful as radiation curabto 

so coating compositions. They can be applied to a variety cf sut)stratos, examples of witich include wood, 
paper, partideboard. chtpboard. m&tais, metals having primers titer^ion, glass, plastics, and metallized 
plastics. The radiation curabto compositions may be applied by any knovm means, for exampto, brushing, 
dipping, roll coating, doctor blade coating, spraying, curtato coating, eto. They may be preliminarily dried to 
remove solvent if desired arid ttien cured by radiation. 

5S The xamples whtoh toltow are submitted tor tt)e pturpose of :furti>er illustrating ttie nature of ttie 
invention in its prefemd em b od im ents. 

As used in ttto body of ttie speciftoation. examples, and clalms,> all percents, ratios and parts are by 
weight unless ottierwise speciftoatty indtoated. Wherever used herein, "pbw* means "parts by weight" 
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EXAMPLE 1 
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a coating 



IS 



«fiwi'!!Z?" «»«*»P«* means for steam distiUation and a nitrogen soaraa la tttanu^ ^ 

1710.9 grams (g) famaric add. 1107.5 g p«)pyjeneglycoJ. 463.5 g dieZS^r^ tetTSL 

^grees Ceteus { Q a total of 3S2 mjWIHBw (mO of dWllate conl^^ 

^h»of ai and a Garilner4Mdt bubbia tuba vistssity of E- at 00 w^bTwetehTlILfS 

«rth the unsauiraiad pdyaslar until ttia add vahia of itie product stalls at a yaba of 3.4.^^ 



EXAMPI£S2and3 

* » 

fenJJS* """^ *^ '"•^^ 

^^compositions of fts rnvenSon ara prepared by mbdng the ingredients set fortt, in the 
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TABLE 1 



<35 



Composition 


Amounts bi grams 


Example 2 


Example 3 


(1) Unsaturated Potyeater of Example i 

(2) Triathytenaglycol (fiviny lather 

(3) aipha.alphft<KettMxyacetophefk3ne 

(4) Benzoptienona^ 


75.6 
25.0 
0.0 
0.0 


75.0 
25.0 
2.0 

2.0 



^ A photosensitizer. 



45 



SO 



6 



EP0322 808A2 



IS 



20 



2S 



35 



40 



2a 



2b 



2c 



2d 



3b 



TABLE 2 



^•■Plg Curing Cottditl na 



Bleccroa bcaa (£B) in. 
nitrogen q 3 MgaradA (MR)^ 



SB in nitrogen 6 2 



Efi in air e 3 MR 



SB in air e 3 MR iolloifed 
by ultraviolet light (UV) in 
air (4 la^a; 40 ft/nin)^ 



Remarka 

Raaulta in a hard* 
tough, highlj glossy » 

somevhat brlttlo f 11a. 
Raaulta in a hard» 
tough, highly gloaay, 

■ < 

aoaevhat brittle f ila. 
Raaulta in a highly 
gloaay fila vith good 
through-cure (slightly 
"greaay** aurf ace) . 
Raaulta in a hard, tough 
fila vlch alighcly ^Lover 

i 

gloaa. alight initial 
mar and alight 
moctling. 



3a OV in air (4 lainpa; 40 ft/ain)^ Results in a hard. 



0 



OV in a^r (4 leaps; 60 ft/ain) 



45 



tough, highly glossy 
fila vish no aottlisg. 
Results in a hard, 
tough, highly gloaay 
fila with no aottling. 



so 
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* 

TUtUmU lrr«IUted ia «n «t>o«pb«r« contaiaHii altrogto with . 
t tal dos of 3 Mgarads of eloecrea b—m r«dl«tloa. 

Ih. fU. 1. ftr.t «po.«d to . toul do., of 3 -8««ds of .loctron 
bo« r«ll.tlo« la artlm .ir folloy«1 4«f 

by pawing the fU. .t « rate of 40 faat pet alnute beaaath 4 aedlu. 
prassora. •ex««ty vapor laaps «ach operating at 200 watta/laeh at a 
dlataaea of four Inches fro. the aitrf ace of the f 11«. 

The flta 1. irradiated tth ultraviolet light by paaalng the fll. at 
• rate of 40 feet per vlante beneath 4 .edln. preaaure. aereury vapor 
^ l«ip. each operating at 200 •att./lnch at a dlatanee of four lache. fro. 
the surface of the fUa. 

SaM as footnote 3 encept a speed of 60 feet per minute Is utUlsed. 
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EXAMPLE4 



« ^ preparation of an unsaturated pdyesler rasin uiilijsd in coaiind comodsi. 

X wns of the invention and in a comparative coating composMi^ •«« «n wwwig composh 

A reai*on vessel equipped with means for steam dl«i^ 



* eXAMPI£SS.0and7 



so 



Two CMtIng composition of the invention (E)camples S and 6) and a comparative coaiina enmaA«iii»» 
(Bcampie 7) are prepaid by mirfng the ingrtdl««, «m fbdh in the ttoawiTSSST ^"W*"' 
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Composition 



(1) UnsatuMod Pdlyaslar of Example 4 
(9 Tiial h yleitiiuiyooi dMnytether 

(3) botalyl bofttoin ether' 

(4) Benzophenone^ 



Amounts in grams 



Examples 



0.0 



Example 6 



75.0 
25.0 
2.0 

2.0 



Example 7 



0.0 
10^ 
Q2 
Q2 




- . • 

Ir*,"IIII?^il^!^*' *• EKamplM 5 Samples 5a. Sb. 

!*• ^^J^ ^ 'Wpwaiwly) a» draim down wHh a 5 mit bar on fiUed partidaboaid to provide «et films 
nawng a thtckness of 25 mil$^X64 mm). The films aie cured as set fbtlh in the fbOcMv^ TABLE 4 



UBLS 4 



5« 



6a 



6b 



7« 

7b 



Cminm Condi tloM 
SB la ottrogM 9 3 MBLj 



5b £B la Bltxogm 9 2 ME^ 



OV la alr^ (4 lai^s; 
40 ft /Bin) ^ 



UV la air 
86 £t/»la* 



£B la altrogea 0 3 MR^ 
inr la air (4 laapa; 
20 fC/ala)^ 



Rcoarks 



RMulca la a very hard, aar-frce, 
blghly glossy « £lla havlag good 
fUa lategrlty, baat gouge 
realscaace aad leaet brlttleaeas 
oi the Saaplee. 
Resales la a hard* aar-free. 
hlghly^ glossy • soaaiihae brittle 
film havlag fair to good film 
lategrlty. 

Results la a very hard, oar-free. 
it^sUy Slo8sy» brittle fUa havlag 
eaceUeat fUa lategrlty. 
Results la a hard, highly glossy, 
brittle* film havlag good flla 
Integrity apd variable oar. 
Did aot curfft. Rcmelaa vet. 

« 

Old aot cure; »rMlns wet 



The £11. 1. irradiated la aa ataosphere eoatalalag altrogea with k total 



doge of 5 aegarada of electroa beaa redlatloa. 
2 



S«M as 5a except 2 aegarads is used. 
The £11. is irradiated with ultraviolet light by peaaiag the f 11. at a 
rate of 40 feet per aiaute beaeath 4 ae^iua pressure, wrcury vapor laap. each 
operetiag at 200 watts/lach at a dlstaace of four laches fro. the surface of 
the fila. 
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4 
5 
6 



S 
S 

Si 



aa 6« wMpt a apaad f 80 faat par minut is uaad. 
aa Sa. 

aa 6a azcapt a apaad of 20 faat p«r lalnuta la uaad. 



EXAMPLE 



This ex^ple ilHistatas (a) ifie ptoswaHon (rf an untstur^ed j^lyaster resin, (b) >h8 preparation of a 
^hatfH apped " isocyanM, (c) ^© preparation and railation cunng of a poiyestar urathana composition of 
tha invention ftaving an averaga of two vihyi ettw 

(a) A reaction vessel equipped means for steam distillation and a nitrogen sparge is charged 
with 392i) g (4.0 moies) maleic anhydride. 838.0 g (8i) moles) dielhyfeneglyobl. 14) g txitylstannoic acid 
^ OA g methyffiydroquinone. The chaiga is gradually healed to 200 degrees Celsius ('G) while a total of 
66 ml of dkmto containing water is removed at a head temperature not exceeding .105 * C. The resulting 
product Is an unsaturated poiyestar polyol having an add vtfue of 1.4, a Gardner-Holdt but>ble tutse 
viscosity of Z4^ . and a hydroxyl value trf 158S. 

(b) A reactien vessel equipped with means for maintairyng a blanket of nitrogen is chaiyed at ambient 
temperature with 444.0 g (ZO moles) isophorone dusocyanata and 0.7 g of 2.6H(ji-terti^ybutyM-methyl- 
phenol. The charge is heated to 41*0 at which temperature the dropwise addition of 44iydroxybutyl vinyl 
ether Is begun. The dropwise addition is continued over 2 hours and 5 minutes at 41 * C until a total of 232.0 
g of the, 4-hydroxybutyl vinyl ether iias bem added, the resulting product which is a dfisocyanate "half 
capped" )nith the vinyl ether, is alldv^ 

(c) A PaacSon ^/essel is charged with 338.0 g ('X mole) of the "half capped" dlisocyanate of part (b) 
ImmddiatBly above: The charge Is heated to 56*0 at which temperature the siow adifition of the 
unsatw^ polyester polyol of patt (a) immediately above is begun. The addition is continued over 2 hows 
while maintairung the temperature between 68 »k1 74*C until a total of 519.4 g (2.Q equivalents) of the 
unsaturated polyester polyol has been added. The reaction product, which represents a composition of the 
Invention, is allowed to cool to room temperature. Infrared analysis of the product shows no residual 
isocyanato functionality. The product has a Qardner-Holdt viscosity of 28-; a peak molecular weight of 1796 
and a weigM average molecular weigm (GPC using a pblystyrsne sta^^ 

Two percent by weight of alpha^alphaKjiethoxy acetophenone is added to the product and samples are 
drawn down using a ^te. 0.012 wire-wound bar on aluminum panels and the resulting films are altowed to 
fteh for seven minutes at 150* F (65.6* C). Thereafter, the films are cured by exposing them In ^bient air 
to UV fight from four medium pressure mercury vapor lamps operating at 200 watts per inch at a distance 
of four Indws from the surfece of the film as the films are passed beneath the lamps at the rates set forth in 
the fol!ow!Rg TABLE S, Properties of the fesulting ci^red ^Ims s.?e also summarized in TABLE 5. 



TABLES 



Line Speed 
(FeeVMnite) 


Remarks 


40ft/mtn 
OOftAnin 
OOft/imin 
lOOft^in 


Curad film does not mar. 
Cured film does not mar. 

• 

Cured film mars slightfy. 
Curad film mars. 



It shoukJ be noted that a sample of the composition stHt radiation cures after two weeks In a "hot room' 
maintained at 120 F(4a9 C). 
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1 . A bqud. radiation curable, composition comprising: an unsaturated polyester component compdsina 
an unsaluraiad polyestBr polymer, an unsatunHed polyester oligomer or a mixture thereof: and a no^ 
JXrtymenzed. cocurable vinyl ether component wtiidi may t>e separate from or structurally incorporated in 
said unsaturated polyester component provided ttiat said vinyl ettier component contains an averaoe of at 
least two vinyl emer groups per molecule of ^ vinyl ettwr 

2. The composition of daim 1 wherein a I mil thick wet film of said composition crosslinks in air 
through Its thk*ness to a tack-free state upon eivosura to «^ or 
provided said composltton Itinher oomprises a photoinitialDr. upon exposure to uitravk)let Sght t>y pas^n^ 
saU 1 tWck wet film of saw compositton contahi^ 

more under four or f^wer medkim pmssure nwrcury vapor lamps operating at 200 watts per inch at a 
^stance of 4 inches from the surface of sakJ wet film. 

3. The compositkm of darni 1 wherein the rato of cafton-cart)on double t)ond equivalents of said vinyl 
ether groups to cartjon-carboii double bond equivalents from sakJ potyester is in a range of from 0.1 :1 .0 to 
1.5:1.0. 

' 4. The composition of daim 3 coinprising a pho^^ 

5. The oompbisittoh ol daim 3 comprising a Ihenmal polymerizatton Inhibitor. 

6. The composilton of daim 3 wherein said urisaturated polyester compos 

pdyestor pdytner having a peak molecular weight as measured by gel permeation chromatography using 
a polystyrene stmiard. HI a range of from 800 to 50.000. 

7. The cornposHkxi of daim 6 wherein the ratio of carbon^arton double bond equivalents of saM vinyl 
ether groups to carbon-carbon double bond equivalents of said pdyestor is in a range d from 0.25:1,0 to 
1.1:1.0. ' 

a The composittond daim a whweinsakJunsatorated pdyestor comp^ comprises an unsatorated 
pdyestor pdymer liaving a peak molecular wet^ as measured by gd penmeation chromatography using 
apdyslyrene8tondard«inarangeoffromi;200tb5.000. 

9. The composmon d ddm 1 wherdn saxl unsaturated component is of an unsaturated pdyestor- 
Fjremana poiymsr, an unsarturated poJyester-ufsthsne cllgon:©? or a mixture thereof. 

10. The compositton of daim 1 wherein said unsatoratod corhpoiient comprising an urisatoratad 
pdyestor pdymer. an unsaturatod polyester digomer or a mixture fhered is separate from saki vfriyi ether 
component ' \ 

11. A method of coating comprising: 

(A) applying to a substrate a film d a ikidd. radiation curable composition containing an unsaturated 
component d an unsaturated pdyester pdymer, an unsaturated polyester digomer or a mixture thereof. 

and a vinyl ether component whteh may be separate from or staicturally incorporated in saki unsatun . 

component, provkled that sakl wnyl ether component contains an average of at least two vinyl ethergroups 
per molecule d sak) vinyl ether comporient and ^ ^ 

(B) curing said compc^ttton through its thickness te a tack-free state by exposing said film to kmizina 
radiation and/or ultraviolet light ' .* 



12: The riiethod d daim 11 wherein the ratto d carbon-carbon double bond equivalents d sakJ vinyl 
©ther groups to carbon-carbon dod}to bond equiv^slsnfe fron? said pdyester is in a range of from 0 M 0 te 
1.5:1.0. 

13. The method of daim 1 2 wherdn sakj compositfon contains a photdnitiator. 

14. The method of daim 12 wherein saki compositwn contains a thennal pdymerizalton inhibitor. 

15. The method d daim 12 wherdn saki unsaturated pdyester component comprises an unsaturated 
pdyester pdymer having a peak molecular weight as measured by gd penneatton chromatography using 
a polystyrene standard, ki a range d from 800 to 50.000. 

18. The method d dakn 15 whereki the ratto d caiton-carixMi double bond equivalents of said vinyl 
ether groups to carbon-caiton doubte bond equh^alents d saki pdyester is in a range d fiom 0.25:1.0 to 
1.1:1.0. 

17. The method d daim 15 wherein saki unsaturated pdyester component comprises an unsatunH»u 
pdyester pdymer having a peak molecular weight as measured by gd permeatton c hro m atography usktg 
a polystyrene standard. In a raige of from 1 ^ to 5,000. 

18. The method d ciakn 11 wherdn saki unsaturated compdiem Is f an unsaturated pdyester- 
urethane pdymer, an unsaturated pdyester-urethane ofigomer or a mixture ttiereof . 
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19. 



^^^^^^^p^^ P«y«aw oigome. <if a wxttfjc thsreof is saparase <rom said vinyl ether 



saw vinyl ether coN)on«rt wNct, vinTa^^ 
structurally irieoqx>»i8d in said unMSatoTpoSSSrS^ 
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